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; THE FROTON-ION MECHANISM OF AIKYLATION
ARD POLYMERIZATION REACTIONS

Acad A, V. Topchiyev, Ya. M., Psushkin, |
T. P. Vishnyakova, and M. V. Kurashov !

According to the theory of acit catalysis, the reaction mechanism of alky-
lation and polymerdization is besed on the ability of the acid to transfer pro-
¢ tons and eleztrons. '

The theory of proton-ion polymerization proposed by Whitmore (1) in 1934 |
is based on the fact that an acid proton becomes attached to the olefinic ‘ .
double bond, forming & charged radical - the cerbonium ion which initiates :
the polymerizstion reactlons:

HF &8t +x~ : ‘1

2CEp=CHy + B+ —CHy - CHpt ” '

- cet = +

CHy - CHy + c52 cxe-ychn9+—pchna+ )¢

The carbonium 1o theory was widely accepted and applied to alkylation.

The alkylation reaction mechanism proposed by Ciapetta (2) is based on
the following: because of the action of the acid, a proton and an electron

8plit off from isobutane, which becomes 8charged radical ur carbonium lon'
The carbonium ion then attaches itself to the olefinic double bond:

80y, & B+ HS0},
(0113)30 - H+880}; -»(c33)3c-+nzso,+
(CH3) ™ +CH,CH = CE, —eE s
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Many wmechanisms for the alkylation reaction with the carbonium ion exist,
among which there is little difference (3),

The present work undertakes to check the proton-ion mechanism for the re-
actions of slkylation and polymerization.

The authors started with the assmumption that if the catalysis is brought
about by the protons or ions of the acid, then a connection between electrical
conductivity and catalytic activity must exigt. Electrical conductivity is
produced by the ion concentration, and therefore, the greater this concentra-
tion the greater the catalytic activity of the acid, since the fons catalyse
the reaction.

This relationship is observed only with anhydrous acids, since hydrated
ions are catalytically less active.

The conductivity, at unit potential, is directly related to the 1lon con-
centration:

- x = o(UW)

vhere x is conductivity, 1. e. the value equal to the reciprocal resistance
of one ml of electrolyte; U and V are mobilities of the ions, vhich repre-
sents the products of the velocity of ions and of their chnrge. The follow-
ing are the absolute values of the velocities and mobilities of the lons:

- Ton Velocit Mobility
- (cm?sec; (Coul x cm/sec) :
gt 0.00032}4 313 f
F- 0.00048 46.6
180, 0.00070 61.9

In studying the proton-iun reaction mechanism, the conductivities of «
series of anhydrous aclds, well known as catalysts, were determined, and an

%}.;ti?tmt was made to establish the relationship between catalytic activity and conduc- . : 1
vity.

The condurtivity was determined in the usual manner: 5 « 6 ml of the
electrolyte were placed in & small beaker -1t} platinum electirodes; the beaker
was then placed in a constant tempersture device, and the resistiviiy was ) B
measured with the aid of a resistance bridge and an audiogenerator. The con- 1
ductivity was found from the relationship:

x = C/R
where C 18 the volume of the beaker, R is resistivity. ¥

In Table 1 are listed the properties of catalysts whose conductivities
were determined.
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- Table l.Characteristics of the Catalysts ()

Compound Sp Or Bp Amt. BF3
H3P°£m.?3 1.9 | decomp hi.0
B,P,0-28e, N . bk
By0-BFy 1.77 (159) decomp 9.0
BF3+28,0 1.62 (20°) 58 - 60 (1 om) 65.4
CK30H-Bll? 3 1.53 decomp --
023503‘31"3 1.35 decomp -

C 508 BF 3 1.24 decoup --
1,80, + BF4 1.84 -- -
(coH5)0-BF o

3 1.135 (139) 126 - 127 47.2

B3P0y, 1.88 -- ="

The compounds in Table 1 are strong acids and represent catalysts for
polymerization and alkylation.

Below are listed the conductivity values of & series of acid catalysts
and their characteristics in reactions of polymerization and alkylation,
Table 2. Characteristice of Conductivity and Catalytic Activity of Catalysts

(A plus sign indicates that the reaction tekes place, vhile a zero indicates
the absence of & reaction)

Conductivity Alkylation of  Polymerization at
at 25901 em Iscbutane Atm Pregsure and 100
Equi- Mol-
Catalyst Specific valent ar csah Caﬁ6 C! Hg ceffh C3E§ 1-C!I{8
HF - - - o + ¢+ 0 + +
BP0y, "BF, 0.,00722 0.205 0.715 + + +  weax + 4
H,P0q"28F4 0.0067 0.27 1.08 + + + weax + +
Hp0+BF4 0.0386 o.9% 1.8 + + + - + +
BF3.2H,0 0.1660 - - ) 0 0 0 ) +
- 3 -
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Equi- Mol-

Catalyst Bpecific valent A.“— Eﬂ 0336 chHB CoH), C3H6 1'°h“e -
CH30H-BFy 0;01371‘ 0.966 0  weak + - - -
c21*5011,'1”'.3 6.6685& 0.718 0 weak + ¢ - -
Cel50H By 6.000528 - 0 0 ) 0 +  +
(CaB5) 20-BF3 0008  0.350 ©o o o o o +
Ho80,+BF 4 0.0356 - - + + - + +
Ep80, 0.0435  1.158 2.316 0 vesk + ] veak +
nspoh 0.0510 0,885 2.66 0 0 0 0 0 +

The date on alkylation and polymerization reactions in Table 2 represent
results of our priur work.(5) The alkylation reaction was cerried out in the
liquid phase while the Polymerization reaction was conducted by passing the
gaseous olefin through a column, the £411ing of which consisted of moistened
catalyst. The results of the conductivity determination in Table 2 show that
no correlation exists between the conductivities (and hence the concentration
of the active eler volyte ions) and the catalytic activity.

The most active catalysts, such as H3P0;+~BF and HyPy0,:2BF.,, which bring
about alkylation of isoparaffins with ethylene, Bropylene ) an batylene , and
8re also the most energetic in polymerization reactions, have a lower conduc-
$1vity (0.0072 and 0.0067M ~lem™1) than sulfnric op rhosphoric acids (0.0435
and 0.0051 <lem=1), :

If the proton-ion theory of catalysis were true, one could expect the
oppoaite,

Another fact which des..ves attention is that the conductivities of phos-
phoric and sulfuric acids are lowered when they are saturated with BF3., This
i8 empecially noticeasble with orthophosphoric acid. At the same time , the
catalytic activity of the compounds of BF3 with the acids 1s increased. The
incresse in polarity during the change from acid to acid compound with BF3
lowers the degree of electrolytic dissociation. Molecular compounds of boron
fluoride with water or alcohols (6) acquire the character of strong acids in
connection with the fact that the hydrogen bond of hydroxyl groups in mole-
cular compounds becomes ionic.

-+
H-0- H+BF3-9EI...OH
|

In ether adducts of boron fluorids there are no hydroxyl groups and the
compounds do not have an acidic character.

It was shown in one of cur papers (6) that catalysts of alkylation and
polymerization can be arranged in the order of decreasing ectivity as follows:

H3P01,_'BF37 HhP207'2BF37 EQO'BF3> HQSOI,-Q' BF37 HF> CHBCE-BF37 HQSO,‘? RBPOI‘_
0.0072 0,0067 0.0386 0.035 - 0.0137 0.0435 0.0510

{In the second line are the resmective condustivities)
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This 1llustrates at a glance the lack of & connection between conductivity
(1on concentratior in aiihydrous electrolytes) ard iona' catalytic activity. In
other vords, exparimental data contradict the theory of proton-ion mechanism.

'On’ the basis of what has been stated, 1t can be concluded that the cata-
1ytic action of acids ih alkylation and polymerization redctions 1s not con-
dedted vith the ion concentration of the acids and thersfore with the forma-
tion of carbonium fone. However, this acticn apparently can be explained by
a complex - forming mechanism similar to that vhich operates in the case of
aluminum chloride, since 3trong acids have a clearly defined polar character
and hence have & tendency to form complexes.
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